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Introduction
Atrial fibrillation is a strong risk factor for ischaemic stroke. Anticoagulation with vitamin K antagonists, e.g. warfarin, reduces this risk by about two-thirds and mortality by one quarter, but increases the risk of haemorrhage compared to no treatment. [1] Warfarin has been recommended for patients with atrial fibrillation in major guidelines for many years. Since 2011 several non-vitamin K antagonist oral anticoagulants, or NOACs, have been available in clinical practice in Sweden for prevention of stroke and systemic embolism in patients with atrial fibrillation. The term NOAC is used for the direct thrombin inhibitor dabigatran, as well as for direct factor Xa inhibitors such as rivaroxaban, apixaban, and edoxaban. In pivotal studies, NOACs have been proven superior or non-inferior to warfarin for both stroke prevention and risk of haemorrhage. [2] [3] [4] [5] In a large Danish retrospective study, NOACs were confirmed to be at least as effective and safe as warfarin, but without data on the treatment quality of warfarin. [6] The quality of warfarin treatment can be measured by frequencies of hard outcomes like haemorrhagic complications and non-prevented thromboembolic events. Another indicator of treatment quality is time in therapeutic range (TTR) i.e. the proportion of time that the patients' anticoagulation is within the therapeutic range of International Normalized Ratio (INR) 2-3. [7] High TTR correlates to lower risk of both major bleeding and thromboembolic events. [8] In the pivotal NOAC trials, mean TTR in the warfarin treated control groups ranged from 55% to 65%. This is low compared to Swedish clinical practice. A recent Swedish publication of 51,299 patients with atrial fibrillation, with a total of 142,626 treatment years on warfarin found a TTR of 77.4%. [9] Another Swedish study of 40,449 patients with atrial fibrillation (65,424 treatment years) found TTR to be 68.6% for patients starting warfarin treatment. [10] A retrospective U.S. study of patients with atrial fibrillation, identified through healthcare insurance claims, found NOACs to be superior or equivalent to warfarin. TTR data were available only for a minority of patients, with median TTR 56%. [11] The potential benefit of NOACs over warfarin with high TTR has been questioned. [12, 13] This study aimed at elucidating the efficacy and safety of NOACs compared to warfarin in patients starting oral anticoagulation due to non-valvular atrial fibrillation in a Swedish setting where TTR has repeatedly been shown to be high.
Materials and methods

Study design
We performed a retrospective cohort study comparing a group of the three NOACs that were licensed during the study period (apixaban, dabigatran, and rivaroxaban) to warfarin, in patients with atrial fibrillation within the Swedish national quality register Auricula.
Ethical considerations
The study was approved by the Ethics review board in Umeå, 2015/142-31. We merged Auricula with three other national clinical registers. The Swedish National Patient Register has data on all diagnoses as well as surgical and other procedure codes made at hospitals and specialist clinics, with a positive predictive value of diagnoses of 85-95%. [15] Patients' medical backgrounds, as well as outcomes other than death and stroke, were extracted from this register. Diagnoses defining items in patients' medical history are given in S1 Table. Since we used presence of a diagnosis as the definition of medical history, no grading was possible, e.g. of renal failure or heart failure. The Swedish Cause of Death Register covers all deaths in Sweden. The Swedish Stroke Register (Riksstroke) has high validity data with coverage of 96.5% on all cases of acute stroke from all hospitals in Sweden. [16] 
Study population
All patients within Auricula with the indication atrial fibrillation, excluding patients with mechanical heart valve prostheses, were selected. The first new anticoagulation treatment period between 1 July 2011 and 31 December 2014 was included. Switching from warfarin to NOAC treatment was allowed, but patients on continuous warfarin treatment on 1 July 2011 were excluded. Previous warfarin experience outside of Auricula was allowed, defined as any prescription of warfarin up until 30 days before start of the treatment period. Recent warfarin was defined as a prescription during the six months prior to 30 days before treatment.
Procedures
We created a database by merging data from the registers described above, and a propensity score matching was performed as described below. After matching was performed, all members of the study group agreed to lock the database before outcome analyses commenced.
Diagrams showing the effect of matching on the distributions of age, treatment duration, and CHA 2 DS 2 -VASc score are given in S1-S3 Figs. Overall success of matching, measured as standardised difference, is described in S4 Fig. When interpreting the results, one should keep in mind that since we weighted the warfarin group to be equal in size to the NOAC group, the weighted number of events is not necessarily an integer. Outcome numbers are rounded in the presentation, but exact values were used for all analyses.
We calculated TTR based on all available individual INR values for the whole study period for all warfarin-treated patients, using Rosendaal's method. [7] Definitions of outcomes Outcomes were all-cause stroke and systemic embolism, all-cause mortality, all-cause stroke, ischaemic stroke, haemorrhagic stroke, myocardial infarction, and major bleeding events defined as intracranial, gastrointestinal, or other bleeding that was fatal or required hospital care. Data on acute ischaemic stroke and intracerebral haemorrhage were collected from Riksstroke, and on death from the Cause of Death Register. All other outcomes were extracted from the National Patient Register. Haemorrhagic stroke was defined as intracerebral haemorrhage or subarachnoid haemorrhage. Haemorrhagic stroke was an endpoint in itself, as well as a constituent of intracranial bleeding, all-cause stroke, and major bleeding.
Only the first occurrence of each type of endpoint counted, to reduce the risk of overreporting. A patient could thus have one, two, or three types of bleeding (intracranial, gastrointestinal, and/or other) together with one or several types of thrombotic outcomes, as well as death.
Outcomes were similar to those used in the NOAC trials, but with the difference that we only classified outcomes that were fatal or required hospital care. Definitions of diagnoses qualifying as outcomes are given in S2 Table.
Statistical analysis
Using logistic regression we estimated the probability of receiving a specific type of oral anticoagulant as treatment, i.e. the (estimated) propensity score, based on date of treatment start, age, sex, prior warfarin treatment as well as relevant diagnoses in patients' medical history: myocardial infarction, stroke or TIA, hypertension, congestive heart failure, diabetes, vascular disease, liver disease, renal failure, excessive alcohol use, percutaneous coronary intervention, intracranial bleeding, gastrointestinal bleeding, and other bleeding. These scores were utilized in full optimal matching, which is an algorithm that creates variable size clusters, containing both cases (NOAC) and controls (warfarin), with similar propensity scores, such that the overall average discrepancies (the Euclidean distance) between the scores within clusters are minimized. [17] [18] [19] Each case is given a weight of one (1) and the controls are given weights such that every cluster is balanced. Thus we expect the weighted control population to resemble (in distribution) the case population on the covariates included in the propensity score.
Outcomes were regressed on treatment as well as the covariates used in the propensity score. [20, 21] More specifically, a weighted Cox proportional hazards model was used with robust variance ("sandwich") estimates. Analyses and graphics were done using the R software, version 3.3 (R Foundation for Statistical Computing, Vienna, Austria). [19, 22, 23] 
Results
Baseline characteristics of the studied patients
A total of 49,011 patients were identified, 12,694 starting a NOAC and 36,317 starting warfarin. Distribution of NOACs was dabigatran 5,118 (40.3%), rivaroxaban 3,961 (31.2%), and apixaban 3,615 (28.5%). 41.1% in the NOAC group had a previous warfarin prescription, of which 16.8% were recent (a prescription during the six months prior to 30 days before treatment start). For warfarin treated patients, the rates were 34.8 and 18.2%. Table 1 shows the demographics and relevant medical history for all patients on NOAC, and for all patients on warfarin before and after matching and weighting. The proportion of patients receiving NOAC treatment was only 1% in 2011 but increased to 12% in 2012, and equaled that of warfarin treatment in 2014.
Baseline characteristics of the matched study patients
Baseline data are given for patients on NOACs and propensity matched and weighted controls on warfarin. Mean age was 72.2 for NOACs vs 72.3 years for warfarin. Proportion of males was 58.2% and 57.0%. Mean follow-up time was 299 vs 283 days. TTR was 70% during the study period for the matched warfarin treated patients, and 72% for the unmatched. Frequencies are given as numbers and percentages. Age, duration, and CHA 2 DS 2 -VASc score are given as means with standard deviation.
History of fall was defined as at least two occurrences of a relevant ICD-10 code (S1 Table) Outcomes Table 2 provides absolute numbers and annual rates of outcomes, and Fig 1 gives incidence plots of outcomes for patients on NOACs and matched patients on warfarin. Total numbers of deaths were 437 (annual rate 4.21%) for NOACs and 459 (4.66%) for warfarin. Stroke and systemic embolism occurred in 139 vs 154 cases (1.35% vs 1.58%), and allcause stroke in 125 (1.21%) and 137 (1.40%). Strokes were mostly ischaemic 107 (1.04%) and 101 (1.03%).
Major bleeding occurred significantly less often with NOACs (283 cases corresponding to a 2.76% annual rate) than with warfarin (350 cases, 3.61%). There were 41 vs 68 intracranial haemorrhages, giving annual rates of 0.40% for NOACs vs 0.69% for warfarin, with 17 (0.16%) and 35 (0.35%) of those being intracerebral haemorrhages. Other major bleeding events were also significantly less frequent for patients treated with NOACs: 149 (1.45%) vs 203 (2.08%). Gastrointestinal bleeding was the only type of bleeding not to be less frequent with NOACs, with 130 cases (0.13%) in the NOAC group and 112 cases (0.11%) for warfarin (non-significant difference).
There were no significant differences in risk of all-cause stroke and systemic embolism, allcause stroke, ischaemic stroke, and all-cause mortality.
Hazard ratios for outcomes are given in Table 2 
Discussion
In this large real-world register study of unselected patients with non-valvular atrial fibrillation starting oral anticoagulation for stroke prevention, we found that NOACs were not superior to warfarin, neither for preventing stroke or systemic embolism, nor for death, stroke, or myocardial infarction. This goes against a meta-analysis of the four pivotal NOAC trials where authors found a risk reduction of stroke and systemic embolism of 19%. [24] In that analysis, NOACs were favourable compared to warfarin with TTR both above and below 66%. Sub-group analyses of two of the NOAC trials indicated reduced benefit of NOACs with higher TTR. [12, 13] The TTR level of 70% in our study could account for some of the reduced benefit in efficacy of NOACs. It is a relatively high TTR for a cohort of newly started warfarin patients, but despite this, the risks of major bleeding, intracranial bleeding, haemorrhagic stroke, and other bleeding were significantly lower with NOACs than with warfarin. The high TTR level and the similar efficacy outcomes indicate that the advantage of NOACs in our study is not due to poor warfarin treatment. Our main finding is that the risk of serious bleeding, particularly intracranial bleeding, is lower with NOACs than with warfarin, despite the warfarin treatment being well-managed by international standards, with an annual risk of intracerebral haemorrhage of 0.35%. [25] The annual rate of intracranial bleeding in our warfarin group of unselected real-world patients was 0.69%. This is in line with that of the selected warfarin patients in the pivotal NOAC trials (0.70% to 0.85%), but markedly higher than the 0.44% previously found in Swedish patients with atrial fibrillation starting warfarin treatment and followed for 1.6 years (0.34% if TTR!70%, 0.72% if TTR<70%).[2-5, 10] Relatively short treatment duration and the fact that we sought for intracranial bleedings not only in the National Patient Register but also in the Cause of Death register, as well as in Riksstroke could at least partly explain the higher bleeding rate found in the present study. Intracranial bleeding rates over time differed between NOACs and warfarin, with incidence lines separating soon after treatment start, but one notices a flat incidence line for NOAC treated patients after one year. Relatively few patients started NOACs early in our study period and treatment time was therefore usually shorter than one year, so this would be expected. We have done what we could to achieve balance between treatment groups via matching, including matching for treatment start date. Nevertheless, we found a clear difference in favour of NOACs regarding risk of bleeding.
We have not analyzed the proportion of patients with ischaemic stroke just prior to starting anticoagulation. This group would be expected to have a higher risk of intracerebral haemorrhages than those with no recent stroke, and an imbalance could account for some of the difference in risk of haemorrhagic stroke.
The lack of difference in efficacy outcomes could be due to low numbers of events, but the rates of haemorrhagic complications resemble the findings in the randomised trials. The overall efficacy and safety of NOACs compared to warfarin seem to be confirmed in our study, despite a high TTR.
Limitations
Since this is a retrospective cohort study, bias is to be expected. It is possible that the profile of patients that were prescribed NOACs and warfarin changed during the study period, with more cautious selection of patients starting NOACs in the first years. To overcome a possible imbalance between the treatment groups, we propensity matched patients starting warfarin or NOACs using start date as one variable. Residual confounding is both possible and likely. For example, even after matching, significantly more patients receiving warfarin had an additional indication for anticoagulation. This selection of patients with a less complicated background for NOAC treatment may have influenced our results, but would on the other hand have been expected to show a lower risk of thromboembolic and thrombotic events for NOACs, given the results of the randomised NOAC trials.
We did not exclude patients with prior experience of oral anticoagulation. However, in a large meta-analysis of the pivotal trials of NOACs versus warfarin, the benefit of NOACs seemed to be consistent regardless of prior anticoagulation experience. [24] Less than 20% of the patients in our study had a warfarin prescription during six months prior to 30 days before the treatment period that included them in the study. It seems unlikely that the results would change in any meaningful way if the analyses were done on the more than 80% of patients starting NOAC treatment that were anticoagulation-naïve. We therefore consider this to be a study mainly comparing patients starting oral anticoagulation with warfarin or a NOAC.
Comparisons between the three NOACs were deemed not meaningful due to limited numbers of patients.
The less strict control of NOAC treatment, as compared with the regular monitoring of warfarin, could mean worse compliance. This is a possibility in all studies not objectively controlling compliance. Bad compliance would confer lower bleeding risks, but should on the other hand mean relatively higher risks of ischaemic events, something that we did not find. Our results are in line with the randomised trials, with lower bleeding risks and similar risks of ischaemia.
The validity of the results from a register study depends on the quality of data. As for the quality of the registers we used, Riksstroke's coverage is 90.3% when compared to the National Patient Register, which in turn has 6% over-reporting, meaning that the actual coverage is around 96%. Stroke diagnoses in the National Patient Register and the Cause of Death Register have a high validity. [26] To overcome the weaknesses of retrospective register studies, a prospective, randomised study comparing NOACs with well-managed warfarin would be preferred but has not been possible to fund, at least not in Sweden.
Conclusion
For patients with non-valvular atrial fibrillation, oral anticoagulation with NOACs are as effective as well-managed warfarin for prevention of stroke and systemic embolism, but cause fewer major bleedings. 
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